The seven-valent pneumococcal conjugate vaccine (PCV7 [Prevnar, Pfizer Canada Inc, Canada]) was licensed in Canada in 2001. Routine infant vaccination programs began in 2002, but it was not until 2006 that all provinces and territories implemented routine programs. Currently, several years after PCV7 was introduced in Canada and the United States (US) (as well as many other countries), the routine use of this vaccine in infants and high-risk children has led to near eradication of invasive pneumococcal disease (IPD) caused by vaccine serotype strains in both children and adults. The recent approval in Canada of the new 10-valent and 13-valent pneumococcal conjugate vaccines (PCV10 and PCV13), which contain three and six additional serotypes to PCV7, respectively, is expected to prevent even more infections caused by the pneumococcus. The purpose of the present practice point is to update paediatricians and primary care physicians on the newer pneumococcal vaccines, and the potential impact they may have on decreasing morbidity and mortality caused by IPD.
Reduction of vaccine serotype invasive pneumococcal infections
The Calgary Area Streptococcus pneumoniae Epidemiology Research (CASPER) surveillance study [1] demonstrated a 94% decline in the incidence of vaccine serotype IPD and a 79% decline in overall IPD in children younger than two years of age in 2007, compared with 1998 to 2001 before PCV7 was introduced to Alberta. During the same time period, there was a 92% decline in vaccine serotype IPD in adults 65 to 84 years of age and a near-significant 29% decline in overall IPD. The decline seen in young children was related to the rapid and high uptake of routine four-dose PCV7, while the decline seen in adults appears to have been due to the herd effect of immunizing infants that reduces nasopharyngeal colonization and, therefore, reduces transmission to older children and adults and subsequent disease [2] . There are also reports [3] - [7] on the decline in vaccine 2 | UPDATE ON THE SUCCESS OF THE PNEUMOCOCCAL CONJUGATE VACCINE serotype IPD in children and adults from British Columbia, Quebec and northern Canada.
PCV7 was introduced to the US in 2000. The Active Bacterial Core surveillance (ABCs) study [8] of more than 40 million Americans demonstrated a 100% decline in PCV7 serotype IPD cases and a 76% decline in all IPD cases in children younger than five years of age in 2007, compared with in 1998/1999 before PCV7 was introduced in the US (Figure 1 ). In addition, as shown in Figure 1 , by 2007 there was a 45% decline in all IPD cases and a 94% decline in PCV7 serotype IPD cases at all ages combined. Overall, since the introduction of PCV7 in the US in 2000, it was estimated that 211,000 IPD cases and 13,000 deaths were prevented by 2007 [8] .
Reduction of meningitis
Although meningitis accounts for only 7% of IPD cases overall [1] , it is associated with serious morbidity and mortality. In the US [8] , by 2005 to 2007 compared with 1998/1999 in children younger than five years of age, PCV7 serotype meningitis and all pneumococcal meningitis cases decreased by 97% (from 3.8 to 0.1 cases/100,000/year) and by 64% (from 4.7 to 1.7 cases/100,000/year), respectively (P<0.001 for both). However, in children younger than five years of age, there was a 78% increase in non-PCV7 serotype meningitis cases at all ages, from 0.9 to 1.6 cases/ 100,000/year.
Reduction of pneumonia hospitalizations
The association of PCV7 implementation on hospitalization for pneumonia (in which pneumococcus is a prominent cause) has been evaluated in Canada and the US. In Quebec, in children younger than five years of age, during the first 15 months after the start of universal infant PCV7 vaccination, there was a 72% decline in hospital admissions for lobar pneumonia and a 13% decline in admissions for all-cause pneumonia [3] . In the US, an evaluation of a nationwide survey [9] of hospital admissions found that during the first four years after PCV7 implementation, in children younger than two years of age, there was a 65% decline in hospital admissions for pneumococcal pneumonia and a 39% decline in admissions for all-cause pneumonia. In addition, for adults 65 years of age and older, there was a 20% decline in admissions for pneumococcal pneumonia and a 15% decline in admissions for allcause pneumonia. While findings such as these, from health services databases, do not prove a cause-andeffect relationship resulting from PCV7 implementation, it is biologically likely that an effect exists, the effect is strong, there is no alternative explanation and the change has been noted in two different countries.
Reduction of otitis media cases and myringotomy tube placement
Similar to pneumonia, the association of PCV7 implementation with the incidence of otitis media (for which pneumococcus is the predominant cause) has been evaluated using administrative data. In the US, evaluation of cohorts of children born after the introduction of PCV7 found 17% and 28% reductions in frequent otitis media, and 16% and 23% declines in myringotomy tube placement in children up to two years of age from Tennessee and New York, respectively [10] .
Replacement IPD with nonvaccine serotypes
The PCV7 vaccine reduces pneumococcal disease by inducing a protective immune response. In addition, PCV7 inhibits asymptomatic colonization with vaccine serotype strains of pneumococcus [2] . Because there are 91 known serotypes of pneumococcus, it was anticipated that PCV7 use would lead to some replacement with nonvaccine serotype strains in the nasopharynx of children (who are the main reservoir of pneumococcus), thus causing disease [11] . Indeed, the large declines in PCV7 serotype infections have been offset, to some extent, by increased infections caused by a limited number of nonvaccine serotypes, particularly serotype 19A, which is often resistant to multiple antibiotics [8] [12] [13] .
The Immunization Monitoring Program, ACTive (IMPACT) study [14] of IPD in 12 paediatric tertiary care centres across Canada has found that the proportion of IPD caused by nonvaccine serotypes has increased since 2000, both relatively (as vaccine serotype IPD has decreased) and absolutely (as the actual number of cases has increased). From 2000 to 2007, in children younger than five years of age, the proportion of IPD caused by nonvaccine serotypes increased from 17% to 82%, and the number of cases nearly doubled. The main replacement serotypes included 19A (21% of all cases in 2007), as well as 3, 5, 6A, 7F and 22F. In 2007, 17% and 63% of all isolates and serotype 19A isolates, respectively, had reduced susceptibility to penicillin. Of note, all of these serotypes, except 22F, are included in one or both of two new expanded-valency conjugate vaccines, as discussed later in the present article. More recent IMPACT data indicated that serotype 19A caused 44% of all IPD cases in children younger than five years of age in 2008/2009 [15] .
Province-wide surveillance in Quebec found that by 2009, 96% of all IPD cases in children younger than five years of age were caused by nonvaccine serotypes. Of these cases, 42% were caused by serotype 19A and 51% of the 19A strains had reduced susceptibility to penicillin [6] .
In the US, the ABCs study found that by 2007 compared with 1998/1999, the proportion of all IPD cases caused by nonvaccine serotypes in children younger than five years of age increased from 17% to 98%, and for serotype 19A the proportion increased from 3% to 47% [8] . During the same time period, for all ages combined, the proportion of all IPD cases caused by nonvaccine serotypes, and serotype 19A specifically, increased from 36% to 93% and from 3% to 20%, respectively.
It is important to reiterate that, in most populations, the absolute increase in the incidence of nonvaccine serotype IPD has been much smaller than the decline in incidence of vaccine serotype IPD disease, and that the changes have leveled off over several years [1] [8] . However, it is notable that in Quebec, the number of cases of nonvaccine IPD in children and at all ages has continued to increase each year since 2006 [6] .
There is uncertainty regarding whether the emergence of serotype 19A is only related to PCV7 or whether it represents a periodic secular change in predominant serotypes. Common pneumococcal serotypes have been observed to change cyclically in frequency over a period of years and even decades in different age groups and different geographical regions [16] . With 19A specifically, an increased number of infections were described in South Korea and Israel before the introduction of PCV7 in those countries [17] [18] .
Trends in complicated empyema
Studies from Canada, Scotland and Israel [19] - [21] have described increases in empyema in children (with or without microbiological information) before or soon after the introduction of PCV7. Other studies from the US [22] [23] have described increases in culture-negative or pneumococcal (particularly caused by nonvaccine serotypes) empyema since the introduction of PCV7. The impact of PCV7 on these trends is not clear. Obviously, increases before the introduction of PCV7 are unrelated. Whether increases that continued or started after the introduction of PCV7 are due to replacement and/or longer term cyclical trends (as noted above) is not yet known.
Reduced dose schedules of PCV7
The main clinical trials of PCV7 were all conducted using a four-dose schedule, which includes a threedose series in infancy followed by a fourth booster dose after one year of age. The high cost of PCV7 relative to other vaccines, vaccine shortages in the US and immunogenicity studies comparing two or three doses in infancy have led to evaluations suggesting that three doses (two in infancy followed by a third booster dose in the second year of life) may be as effective as a four-dose schedule [24] - [26] .
There was a shortage of PCV7 in the US from 2001 to 2004. During this time, modified PCV7 schedules were often given, and anywhere from one to four doses were given to many children. A case-control study [24] comparing the effectiveness of different schedules found that all schedules containing at least two doses of PCV7 had similar levels of effectiveness of 95% or greater, for at least six months after vaccination. There were too few cases to accurately compare specific schedules.
Several studies [24] [26] have shown that two infant doses, compared with three infant doses, of PCV7 in the first six months of life, produce similar levels of antibodies after the infant series. Whether two or three infant doses are given, a booster dose at 12 months of age or later is needed to produce the best immune response in toddlers.
In Canada, Quebec implemented a three-dose PCV7 schedule (at two, four and 12 months) when the universal PCV7 program was started. High-risk children received four doses. In British Columbia, the initial four-dose universal program was changed to the same three-dose program as Quebec, also with a fourdose provision for high-risk children. Data from Quebec, as well as other countries that have implemented three-dose programs, show that the effectiveness of three-dose programs is similar to jurisdictions with four-dose programs [6] [27] [28] . Similar to the US results, a case-control study [25] from Quebec found that the effectiveness of PCV7 against vaccine serotype IPD was 98% in children who received at least two doses of the vaccine.
It is important to note that no data support the use of three-dose PCV7 in children with underlying conditions that increase the risk of IPD, and that all jurisdictions that evaluated three-dose PCV7 for healthy infants used four-dose PCV7 for children at increased risk for IPD.
The potential impact of the new PCV10 and PCV13, and new Canadian recommendations
The new PCV10 (Synflorix, GlaxoSmithKline Inc, Canada) has been approved for use in Canada [29] . This vaccine contains the same serotypes as PCV7 (4, 6B, 9V, 14, 18C, 19F and 23F), as well as serotypes 1, 5 and 7F. PCV13 (Prevnar 13, Pfizer Canada Inc) has also been approved in Canada. It contains the same serotypes as PCV10, as well as serotypes 3, 6A and 19A [30] .
In 2010, the National Advisory Committee on Immunizations (NACI) published two statements [26] [31] on pneumococcal conjugate vaccines, referring to both of the new vaccines. Based on the changing epidemiology of IPD in Canada and the current predominance of serotype 19A in particular (which is in PCV13 but not PCV10), the most recent recommendations include the following:
• There is good evidence to recommend PCV13 for a routine infant immunization schedule.
• There is good evidence for a three-dose PCV7 schedule in healthy infants; however, there is insufficient evidence for a three-dose PCV10 or PCV13 schedule. Therefore, currently, a four-dose routine schedule is recommended.
• There is good evidence that all healthy children 12 to 35 months of age should receive one dose of PCV13 and fair evidence that children at high risk for IPD should additionally receive a dose of 23-valent polysaccharide pneumococcal vaccine after two years of age.
• There is good evidence that, for children 36 to 59 months of age, healthy Aboriginal children, children attending group daycare and children at high risk for IPD should receive a dose of PCV13, and that a dose should be considered for all other children in this age group.
• There is fair evidence to suggest that children at high risk for IPD who are five years of age and older should receive a dose of PCV13.
Although the NACI recommended a four-dose PCV13 schedule, there was recognition that some provinces and territories have implemented a three-dose schedule for healthy infants, likely based on the PCV7 data. Evidence does not yet exist to definitively conclude that a three-dose PCV10 or PCV13 schedule is as effective as a four-dose schedule. For infants who are given three doses, it is important that the third dose is given early in the second year of life, but not any earlier. The complete NACI recommendations should be consulted for full details [26] .
Global implementation of the pneumococcal conjugate vaccine
Worldwide, it is estimated that pneumococcal infections cause more than 800,000 deaths each year in children younger than five years of age, mostly in developing countries [32] . Historically, the introduction of new vaccines to low-income countries occurs 15 to 20 years after the introduction to high-income countries. The Global Alliance for Vaccines and Immunization [33] has supported an advance market commitment to accelerate the implementation of pneumococcal conjugate vaccines in developing countries. With funding and support from governments (including in Canada), the Bill & Melinda Gates Foundation and other nongovernmental organizations, funding for 600 million doses of PCV10 and PCV13 for low-income countries has been approved, as well as funding to support two India-based vaccine manufacturers to develop and manufacture pneumococcal vaccines. Vaccine introduction to Gambia and Rwanda began in 2009. By 2015, vaccine introduction to more than 40 countries is planned [33] .
